Impulse activity of midbrain dopamine neurons modulates drug-seeking behavior.
Withdrawal from non-contingent exposure to psychostimulants increases the activity of midbrain dopamine cells and impairs the function of impulse-regulating dopamine autoreceptors. It is unclear whether these neuroadaptations play an important role in withdrawal-associated drug seeking. We determined whether cocaine self-administration modifies the impulse activity of midbrain dopamine neurons and dopamine autoreceptor function, and whether experimentally induced reduction in dopamine cell activity (by autoreceptor activation) could influence drug-seeking behavior. Animals were trained to self-administer saline or cocaine (500 micro g/kg per infusion) for 7 days. At different withdrawal periods, we used single-unit extracellular recordings to measure impulse activity of dopamine cells and administered the D2/D3 dopamine receptor agonist quinpirole to determine autoreceptor sensitivity. In a separate set of experiments, we determined the effects of autoreceptor-selective doses of quinpirole on drug-seeking behavior (non-reinforced responding in the absence of cocaine) during an extinction/reinstatement task. Cocaine self-administration induced a short-lived increase in the mean firing rate and bursting activity of midbrain dopamine cells. This effect was greatest at early withdrawal and was paralleled by decreased ability of quinpirole to inhibit dopamine cell firing rate and drug-seeking behavior. Changes in dopamine cell activity dissipated over time; at late withdrawal, when both impulse activity and autoreceptor sensitivity returned to control values, quinpirole dramatically decreased drug-seeking behavior. These results show that inhibiting dopamine cell impulse activity, by activation of dopamine autoreceptors, reduces drug-seeking behavior. This suggests that the impulse activity of midbrain dopamine cells could be an important factor contributing to relapse.